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Abstract 



Objective 



To provide an electrophotographic photoreceptor with high 
sensitivity and durability. 



Conf iguration 

Electrophotographic photoreceptor containing a 
charge-generating material and a charge- transporting material on 
an electrically conductive support, wherein the 
charge-transporting material is the compound represented by 
general formula I below: 

R. -C-CH-CH-R, 

General formula I i 

0 

where R, and represent substituted or unsubstituted phenyl 
groups, substituted or unsubstituted naphthyl groups, or 
heterocyclic aromatic rings. 

Claims 

1. Electrophotographic photoreceptor, characterized by 
containing a charge-generating material and a charge-transporting 
material on an electrically conductive support, wherein the 
charge-transporting material is a chalcone compound. 

2. Electrophotographic photoreceptor of Claim 1, 
characterized by the chalcone compound being represented by the 
general formula I below: 



General formula I 



R.-C-CH-CH-R, 
I 
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where Ri and represent substituted or unsubstituted phenyl 
groups, substituted or unsubstituted naphthyl groups, or 
heterocyclic aromatic rings. 

Detailed explanation of the invention 

[0001] 

Industrial application field 

The present invention concerns electrophotographic 
photoreceptors, especially electrophotographic photoreceptors 
containing chalcone compounds as charge-transporting materials. 

[0002] 

Conventional technology 

Conventionally, as the photosensitive layers of 
electrophotographic photoreceptors, inorganic photoconductive 
materials such as selenium, selenium-tellurium alloys, zinc 
oxide, etc., have been widely used. Recent progress in [the 
study of] electrophotographic photoreceptors with organic 
photoconductive materials [has resulted] in the implementation of 
this type. All the photoreceptors in practice are laminated 
electrophotographic photoreceptors with photosensitive layers 
separated into a charge-generating layer and a 
charge-transporting layer. Efforts have been made to design 
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inexpensive electrophotographic photoreceptors utilizing the 
strengths of organic photoconductive materials such as their 
safety, diversity, etc,, with improved sensitivity and useful 
lifetimes which have been inferior to [those of] inorganic 
photoconductive materials, 

[0003] 

In general, such laminated electrophotographic 
photoreceptors are obtained by forming, on an electrically 
conductive support, a charge-generating layer comprising a 
charge-generating material such as pigment, dye, etc., and a 
charge-transporting layer from a charge-transporting material 
such as hydrazone, pyrazoline, etc,, in that order. The 
electron-donating charge-transporting materials display positive 
hole migration and are sensitive to negatively charged 
photoreceptor surfaces. However, with negative charging, the 
corona discharge used for charging is xanstable compared with 
positive charging, produces about 10 times [the amount of] ozone, 
nitrogen oxides, etc., compared with positive charging, inducing 
physical deterioration such as adsorption on the photoreceptor 
surface and chemical deterioration and also causing adverse 
effects on the environment. There are other problems. lf€unely, 
for developing negative charging photoreceptors, positive polar 
toners are needed, but the positive polar toners are difficult to 
make, due to triboelectrif ication arrangement on the pareunagnetic 
carrier particles. In two-component high-resistance magnetic 
brush development, negative charging toner/developers are stable, 
with a high degree of freedom in selection and use conditions. 
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Namely, positive charging photoreceptors have nximerous advantages 
in their application range, 

[0004] 

Using organic photoconductor-based photoreceptors with 
positive charging has been proposed. For example, in forming 
photoreceptors by laminating a charge-transporting layer on a 
charge-generating layer, (materials] e.g., 2 , 4 , 7-trinitro-9- 
fluorenone, etc., with high electron-transporting capability are 
used in the charge-transporting layer. However, such materials 
are carcinogens and present many problems in terms of worker 
hygiene. 

[0005] 

U.S. Patent No. 3,615,414 disclosed positive charging 
photoreceptors containing eutectic complexes from thiapyrylium 
salts (charge-generating materials) and polycarbonates (binder 
resins) . However, such photoreceptors show severe memory 
effects, easily forming ghosts. 

[0006] 

Here, positive charging photoreceptors comprising a 
charge-generating upper layer (surface layer) containing 
charge-generating material that generates positive holes and 
electrons upon light irradiation and a lower charge-transporting 
layer containing charge-transporting material having positive 
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hole-transporting capability can be used. However, since such 
positive charging photoreceptors have charge-generating layers as 
the surface layer containing charge-generating materials brittle 
to outside action such as light irradiation, especially shortwave 
irradiation, corona discharge, humidity, mechanical abrasion, 
etc,, near the surface, the photoreceptor would show 
deterioration in electrophotographic performances during storage 
and image-forming processes, leading to poor image qualities. 

[0007] 

In conventional negative charging photoreceptors having a 
charge-transporting layer at the surface, such external effects 
are very small, and actually the charge-transporting layer 
protects the charge-generating layer below. 

[0008] 

It may be considered that a thin protective layer may be 
formed from a dielectric transparent resin to protect the 
charge-generating layer from external actions. However, in such 
a case, the charge generated upon light irradiation may be 
blocked by the protective layer and lose the light irradi^ation 
effects, and a thick protective layer may result in reduced 
sensitivity. 



s 



B 

[0009] 

Despite various trials of positive charging photoreceptors, 
there are many problems to be addressed, such as sensitivity, 
memory, worker hygiene, etc. 

[0010] 

Problems to be solved by the invention 

The present invention provides electrophotographic 
photoreceptors having high sensitivity and durability, containing 
charge-generating materials and charge-transporting materials on 
an electrically conductive support. 

[0011] 

Means to solve the problems 

As a result of various studies for solving such problems, we 
have discovered a certain group of compounds, and the present 
invention is completed. 

[0012] 

Namely, the embodiment of the present invention is an 
electrophotographic photoreceptor described in the range of 
claims. 



[0013] 



Next are explained in detail the compounds of general 
formula I described in Claim 2 of this specification. 

[0014] 

In general formula I of the present invention, the 
substituents for the phenyl groups and naphthyl groups in R, and 
Rj are alkyl groups, such as methyl, ethyl, propyl, butyl, 
tert-butyl, etc.; alkoxy groups such as methoxy, ethoxy, etc.; 
halogen atoms such as fluorine, chlorine, bromine, etc.; 
haloalkyl groups such as trif luoromethyl, etc.; alkoxycarbonyl 
groups such as methoxycarbony 1 , ethoxycarbony 1 , etc.; cyano 
groups, nitro groups, etc. The heterocyclic aromatic ring may be 
pyridine, quinoline, etc. 

[0015] 

Specific examples of the chalcone compounds of general 
formula I of the present invention are shown in Table I in 
relation to general formula I below. However, the present 
invention is not limited to these examples. 

[0016] 



General formula I 



R,-C-CH-CH-R, 
I 
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[0017] 

[Table I] 
Table I 
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[0018] 

[Table II] 
Continuation of Table I 
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[0019] 

[Table III] 
Continuation of Table I 
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[0020] 

[Table IV] 
Continuation of Table I 
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[Table V] 
Continuation of Table I 
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[0022] 

Table VI 
Continuation of Table I 
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[0023] 

[Table VII] 
Continuation of Table I 
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Key : 1 Compound 
[0026] 

Such compounds of general formula I can be obtained by 
reacting the acetophenone compounds and aldehydes below in the 
presence of a basic catalyst. 

[0027] 

R,-C-CH. 
I 
0 

(In the formula, R, represents a substituted or unsubstituted 
phenyl group, a substituted or unsubstituted naphthyl group, or a 
heteroaromatic ring.) 
Rj-CHO 

(In the formula, Rj represents a substituted or unsubstituted 
phenyl group, a substituted or unsubstituted naphthyl group, or a 
heteroaromatic ring.) 

Acetophenone compounds are , e.g., acetophenone , 
p-methy lacetophenone , p-methoxyacetophenone , 

p-chloroacetophenone, ethyl acetylbenzoate, p-cyanoacetophenone , 
p-nitroacetophenone, etc., and aldehydes are benzaldehyde', 
p-chlorobenzaldehyde, p-trif luoromethylbenzaldehyde, 
p-naphthaldehyde [sic] , p-cyanobenzaldehyde, p-butylbenzaldehyde, 
etc. 
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[0028] 

The basic catalysts are, e.g., sodiiim carbonate, potassium 
carbonate, sodium hydroxide, potassium hydroxide, sodium acetate, 
pyridine, piper idine, etc. 

[0029] 

The reaction solvents may be ethanol, N,N-dimethylf orm2unide, 
tetrahydrofuran, dioxane, etc. The reaction temperature may be 
from room temperature to the solvent reflux temperature. 

[0030] 

Synthesis Example 1 

In a mixed solvent of 20 g of ethanol and 39.2 g of water 
was dissolved 4.4 g (110 mmol) of sodium hydroxide, followed by 
addition of 10.32 g (86 mmol) of acetophenone under ice cooling, 
then 9.12 g (86 mmol) of benzaldehyde (temperatxire was maintained 
at 15-36*»C), and the resulting mixture was stirred for reaction 
and allowed to cool with precipitation of a yellow solid which 
was filtered out, washed, and recrystallized from n-hexanie for 
pxirif ication. 

[0031] 

The yellow solid yield was 10.8 g (60.4% yield), with 
melting point 57.5-58*C. 



[0032] 



The melting points and elemental analyses of compounds 
obtained similarly are given in Table II. 

[0033] 
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5 C found 

6 H found 

7 N found 

8 C calculated 

9 H calculated 

10 N calculated 



[0034] 

Next, the embodiment of the present invention is explained 
with figures. As shown in Figure 1, a photoreceptor comprises a 
support (1) (an electrically conductive support or a sheet with 
an electrically conductive layer), a layer (2) containing a 
charge-generating material and if needed a binder resin 
(charge-generating layer) as a lower layer on the support, and an 
upper layer (3) containing charge-transporting material and if 
needed a binder resin (charge- transporting layer) in the form of 
a leuainate to form a photosensitive layer (4). Or, as shown in 
Figxxre 2, a protective layer (5) is formed on the photosensitive 
layer (4) of Figure 1. In Figure 3 is shown a single 
photosensitive layer (6) containing both charge-generating 
material and charge- transporting material and if needed a binder 
resin on a support. A protective layer may be formed on the top 
of the single photosensitive layer (6) of Figure 3, or an 
interlayer may be formed between the support and the 
photosensitive layer. 
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[0035] 

Any charge-generating material generating free charge upon 
absorption of visible light, regardless of [whether] organic or 
inorganic, can be used in the present invention, e.g., inorganic 
materials such as amorphous selenium, trigonal selenium, 
selenium-arsenic alloys, selenixim-tellurium alloys, cadmium 
sulfide, selenium sulfide, cadmium sulfoselenide, mercury 
sulfide, lead oxide, lead sulfide, amorphous silicon, etc.; 
organic materials such as diazo dyes, polyazo dyes, 
triarylme thane dyes, thiazine dyes, oxazine dyes, xanthene dyes, 
cyanine dyes, styryl dyes, pyrilium dyes, quinacridone dyes, 
indigo dyes, perylene dyes, polycyclic quinone dyes, 
bisbenzimidazole dyes, indanthrone dyes, squarylium 
[transliteration] dyes, anthraguinone dyes and phthalocyanine 
dyes , etc . 

[0036] 

The binder resins that can be used in the photosensitive 
layers of the present invention are addition polymerization 
resins, polycondensation resins, etc, such as polyethylene, 
polypropylene, acrylic resins, methacrylic resins, vinyl chloride 
resins, vinyl acetate resins, epoxy resins, polyur ethane resins, 
phenolic resins, polyester resins, alkyd resins, polycarbonate 
resins, silicone resins, meleunine resins, etc., copolymerized 
resins thereof, such as vinyl chloride-vinyl acetate copolymers, 
vinyl chloride-vinyl acetate-maleic anhydride copolymer resins, 



etc., which are dielectric, as well as semiconductive organic 
polymers such as poly-N-vinylcarbazole, etc. 

[0037] 

The electrically conductive supports for supporting the 
above photosensitive layer are metal plates, drums or foils of 
aluminum, nickel, etc., plastic films vapor-deposited with 
aluminum, tin oxide, indium oxide, etc., paper coated with 
electrically conductive materials, etc. 

[0038] 

When the photoreceptors of the present invention are formed 
in a laminate form with a charge-generating layer and 
charge-transporting layer, as in the above Figures 1 and 2, the 
charge- transporting materials of the present invention are 
dissolved or dispersed alone or together with a binder resin in a 
solvent, coated, and dried. The solvents that can be used for 
charge-transporting layers are, e.g., N,N-dimethylformeunide, 
toluene, xylene, monochlorobenzene, 1, 2-dichloroethane, 
dichloromethane, 1, 1, 1-trichloroethane, 1, 1, 2-trichloroethylene, 
tetrahydrofuran, methyl ethyl Icetone, cyclohexanone, ethyl 
acetate, butyl acetate, etc. In such charge- transporting layers, 
the proportion of the charge-transporting material in the binder 
resin is 20-200 parts by weight of charge-transporting material 
to 100 parts by weight of binder resin. 



[0039] 
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In this case, the charge-transporting layer should have a 
thickness of 5-50 ^m, preferably 5-30 ^m. 

[0040] 

The charge-generating layer can be formed by vacuum vapor 
deposition of charge-generating materials on an electrically 
conductive support, or by dissolving or dispersing 
charge-generating material alone or together with a binder resin 
in a solvent, coating and drying as in the charge-transporting 
layer formation. 

[0041] 

When the charge-generating layer is formed from a dispersion 
of the charge-generating, materials, the charge-generating 
material should have a particle dieuneter of 2 /xm or less, 
preferably 1 ^m or less. Namely, with large particle size, 
dispersion in the layer is poor, with particles sticking out of 
the surface leading to poor surface smoothness. In some cases, 
discharge may occur at the protruded parts of the particles or 
toner particles may stick to the protrusions causing toner 
filming. On the other hand, if the particle size is too Small, 
agglomeration may occur, with increased layer resistance and 
increased crystal defects, leading to reduced sensitivity and 
poor reproducibility, and also there is a limit for fining. 
Thus, the lower limit of the average particle diameter is set at 
0.01 ^m. 
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[0042] 

The charge-generating layer may be formed by the method 
given below. Namely, a charge-generating material is finely 
pulverized in a dispersion medium using a ball mill, homomixer, 
etc., mixed with a binder resin, and the resulting dispersion is 
coated. In this method, ultrasound may help for uniform 
dispersion. In the charge-generating layer, the proportion of 
the charge-generating material in the binder resin is 
20-200 parts by weight to 100 parts by weight of the binder 
resin. 

[0043] 

The charge-generating layer thus formed should have a 
thickness of 0.1-10 /xm, preferably 0.5-5 /xm. 

[0044] 

In the case of single-layer photoreceptors of the present 
invention, as shown in Figure 3, the proportions of the 
charge-generating material and charge-transporting material to 
the binder resin are 20-200 parts by weight of the 
charge-generating material and 20-200 parts by weight of the 
charge-transporting material to 100 parts by weight of binder 
resins. The single-layer photoreceptors should have a thickness 
of 7-50 /xm, preferably 10-30 ^m. 
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[0045] 

The interlayer described above may act as an adhesive layer 
or barrier layer and may be formed from the resins other than the 
binder resins, such as polyvinyl alcohol, ethyl cellulose, 
carboxymethyl cellulose, vinyl chloride-vinyl acetate copolymers, 
vinyl chloride-vinyl acetate-maleic anhydride copolymers, 
caseins, N-alkoxymethyl nylon, etc,, and they may be used alone 
or after dispersion with tin oxide or indium oxide, or after 
vapor-deposition with aluminum oxide, zinc oxide, silicon oxide, 
etc. The interlayer should have a thickness of 1 ;im or less. 

[0046] 

The protective layers described above may be made from the 
resins described above or after dispersion with low resistance 
materials such as tin oxide, indixim oxide, etc. Organic plasma 
polymerization membranes may also be used, and such membranes may 
contain, if needed, oxygen, nitrogen, halogen, and periodic table 
group III and V atoms. 

[0047] 

Application examples 

Next, the present invention is explained in detail with 
examples. In the exeunples, parts are by weight, unless stated 
otherwise. 
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[0048] 

Application Example 1 

In a ball mill were dispersed 5 parts of disazo dye 
represented by chemical formula (A) below, 2.5 parts of a butyral 
resin (Denka Butyral Resin #3000-2, product of Denki Kagaku Kogyo 
Co.), and 92.5 parts of tetrahydrofuran for 12 h, diluted with 
tetrahydrofuran to a 2 wt%-solids dispersion, cast-coated using a 
doctor blade on a 100 ^xm-thick polyester film vapor -deposited 
with aluminum to form a charge-generating layer of dry thickness 
1.0 /im. 

[0049] 

[Structure 1] 



A coating solution from 6 parts of the illustrative compound 
(compoxind no. 5), 10 parts of a polycarbonate resin (Panlite 
K-1300, product of Teijin Chemicals Ltd.), 0.002 part of methyl 
phenyl silicone (KF50, 100 cP, product of Shin-Etsu Kagaku Co.), 
and 94 parts of tetreihydrofuran was cast-coated using a doctor 
blade on the charge-generating layer formed above to form a 




Ul 



[0050] 



28 



charge-transporting layer of dry thickness 20.0 ^m, giving a 
laminated electrophotographic photoreceptor (photoreceptor no. 1) 
comprising aluminum electrode/ charge-generating 
layer/charge-transporting layer. 

[0051] 

Application Examples 2-5 

Application Example 1 was repeated using illustrative 
compound no- 2, no. 3, no. 4, and no. 6 in place of the 
illustrative compound used in Application Example 1 (compound 
no. 5) to obtain photoreceptor no. 2, no. 3, no. 4, and no. 5. 

Application Example 6 

Application Example 1 was repeated using 6 parts of the 
trisazo dye shown by formula (B) below, instead of 5 parts of the 
disazo dye of above formula (A) to obtain a charge-generating 
layer. 

[0052] 

[Structure 2] 




(B) 
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[0053] 

A coating solution from 6 parts of the illustrative compound 
(compound no. 5) , 10 parts of a polycarbonate resin (Panlite 
K-1300, product of Teijin Chemicals Ltd.)/ 0.002 part of methyl 
phenyl silicone (KF, 100 cP, product of Shin-Etsu Kagaku Co.), 
and, in the same manner as in Application Example 1, 94 parts of 
tetrahydrofuran was cast-coated using a doctor blade on the 
charge-generating layer formed above to form a 
charge-transporting layer of dry thickness 20.0 ftm, giving a 
laminated electrophotographic photoreceptor (photoreceptor no. 6) 
comprising aluminum electrode/charge-generating 
layer/charge-transporting layer. 

[0054] 

Application Examples 7-10 

Application Exeimple 6 was repeated using illustrative 
compound no. 2, no. 3, no. 4, and no. 6 in place of the 
illustrative compound used in Application Example 6 (compound 
no. 5) to obtain photoreceptor no. 7, no. 8, no. 9, and no. 10. 

[0055] 

Application Example 11 

In a ball mill were dispersed 5 parts of titanyl 
phthalocyanine (TiPc) , 5 parts of polyvinyl butyral resin 



(S-Lec [transliteration] BLS, product of Sekisui Chemical Co.)/ 
and 90 parts of tetrahydrof uran for 12 h, treated with 
tetrahydrofuran to 2 wt% solids content, and redispersed to 
obtain a coating solution. This coating solution was cast-coated 
using a doctor blade on a 100 /xm-thick polyester film 
vapor-deposited with aluminum to a thickness of about 1000 A, to 
form a charge-generating layer of dry thickness 0.5 /xm. 

[0056] 

A coating solution from 6 parts of the illustrative compound 
(compound no. 5), 10 parts of a polycarbonate resin (Panlite 
K-1300, product of Teijin Chemicals Ltd.), and 94 parts of 
tetrahydrofuran was cast-coated using a doctor blade on the 
charge-generating layer formed above to form a 
charge-transporting layer of dry thickness 20.0 ^m, giving a 
laminated electrophotographic photoreceptor (photoreceptor 
no. 11) comprising alviminum electrode/charge-generating 
layer /charge-transporting layer. 

[0057] 

Application Examples 12-15 

Application Example 11 was repeated using illustrative 
compound no. 2, no. 3, no. 4, and no. 6 in place of the 
illustrative compound used in Application Example 11 (compound 
no. 5) to obtain photoreceptor no. 12, no. 13, no. 14, and 
no. 15. 



[0058] 



The electrophotographic photoreceptors obtained above were 
subjected to performance evaluation using an electrostatic 
photocopier (SP-428, product of Kawaguchi Denki Seisakusho) • 

[0059] 

After positive charging with +6 kV corona discharge, then 
storing in the dark for 20 sec, the surface potential Vq was 
measured, followed by exposure to surface luminosity of 40 lux 
using a tungsten lamp, with measurement of exposure (lux-sec) 
needed for Vq to reduce to one half, and sxarface potential V30 
30 sec after exposure. Results are given in Table III, 
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[0060] 



0 



[Table XI] 
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[0061] 

Effects of the invention 



As described above, the chalcone compounds used as the 
charge-transporting materials in the present invention can be 
synthesized relatively easily, with good solubility or 
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dispersibility in binder resins, and have excellent capability of 
receiving and transporting charges generated by the 
charge-generating materials. 

[0062] 

The electrophotographic photoreceptors containing such 
chalcone compounds have high dark attenuation and sensitivity. 

Brief explanation of the figures 

Figure 1 
Figure 2 
Figure 3 

Schematic cross section diagrams for illustrating ex2unples 
of the layer structure of the electrophotographic photoreceptors 
of the present invention. 
Figure 4 

IR absorption spectrum of compound no. 5 used in Application 
Example 1. 

Explanation of symbols 

1 Support 

2 Charge-generating layer 

3 Chaurge-transporting layer 

4 Photosensitive layer (laminated) 

5 Protective layer 

6 Photosensitive layer (single layer) 
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Figure 3 




Figure 4 
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